Cashew apple is a tropical pseudofruit consumed as juice due to its excellent nutritional and sensory properties. In spite of being well known for its important antioxidant properties, the cashew apple has not been thoroughly investigated for its therapeutic potential. Thereby, this study evaluated the antioxidant capacity, anti-inflammatory, and wound-healing activities of cashew apple juice. Juices from ripe and immature cashew apples were analyzed for antioxidant, anti-inflammatory, and wound-healing properties. Those were evaluated in murine models of xylene-induced ear edema and wound excision. Swiss mice were treated with cashew juice by gavage. Edema thickness was measured and skin lesions were analyzed by planimetry and histology. Both antioxidant content and total antioxidant activity were higher in ripe cashew apple juice (RCAJ) than in unripe cashew apple juice (UNCAJ). The UNCAJ presented the main anti-inflammatory activity by a significant inhibition of ear edema (66.5%) when compared to RCAJ (10%). Moreover, UNCAJ also showed the best result for wound contraction (86.31%) compared to RCAJ (67.54%). Despite of higher antioxidant capacity, RCAJ did not promote better anti-inflammatory, and healing responses, which may be explained by the fact that treatment increased antioxidants level leading to a redox ''imbalance'' turning down the inflammatory response modulation exerted by reactive oxygen species (ROS). The results suggest that UNCAJ presents a greater therapeutic activity due to a synergistic effect of its phytochemical components, which improve the immunological mechanisms as well as an optimal balance between ROS and antioxidants leading to a better wound healing process.
Introduction
The cashew tree (Anacardium occidentale L.) belongs to the family Anacardiaceae. It is a native plant of Brazil and the fruit consists of a cashew nut (the true fruit) and a cashew apple (pseudofruit), which has excellent nutritional and sensory properties. 1 The cashew culture is one of the main agronomic activities in Northeast Brazil and almost the whole production is concentrated in the states of Ceará, Piauí, and Rio Grande do Norte. 2 However, no more than 10% of potential cashew apple output is at present consumed or utilized in either fresh or processed form such as jam, syrup, chutney, beverage, ice creams, etc. [3] [4] [5] The economic value of cashew apple juice has increased as the concentrated and processed (called cajuína) forms are among the most popular products in Northeast Brazil. 6 Recently, there are an increasing number of reports evaluating the clinical effectiveness of several parts of cashew tree, for example, nuts, 7 stem bark, 8 leaves, 9 and cashew apple juice 10 revealing several properties from anti-inflammatory, antiulcer, antibacterial, antifungal to antitumor. However, the potential of cashew apple nutraceutical properties has not been explored as compared to other organs.
Cashew apple is rich in vitamin C, organic acids, antioxidants, minerals, and carbohydrates. 1, 4, 11 Its phytochemical profile reveals a complex source of natural antioxidants as phenolic compounds and carotenoids what makes this pseudofruit an excellent source of antioxidants that can scavenge free radical or reactive oxygen species (ROS), inhibit free radical formation, and prevent damage of cellular components, as well as cellular death. 10, [12] [13] [14] More recently, the interest and research on the nutritional and medicinal properties of cashew apple and its juice have grown, 11, 15 but none of these studies have evaluated the anti-inflammatory and healing potential of cashew apple or juice. Therefore, the present study evaluated the antioxidant, antiinflammatory, and healing properties of cashew apple juice.
Methods and materials
Plant material and juice preparation Ripe (orange reddish) and unripe (yellowish green) cashew apple fruits (A. occidentale L. dwarf clone ''CCP76'') were harvested at Pacajus Experimental Station of Embrapa Tropical Agroindustry, Ceará, located at 38 30 0 W and 4 30 0 S with average temperature of 26.5 C and 1100 mm of precipitation.
The nuts were removed and the cashew apple was processed in a domestic food processor for 1 min at low speed and then the pulp was filtered through a sieve to concentrate it. The juice was prepared as pulp was diluted in water (1:1) and then stored at -20 C for further analysis. This solution was then used for all phytochemical analyses and oral treatments of the animals.
Antioxidants analysis
The total antioxidant activity was determined using the 2,2 0 -Azinobis(3-ethylbenzothiazoline-6-sulfonic acid) diammonium salt method as described by Re et al. 16 Total antioxidant activity was expressed as Trolox equivalent antioxidant capacity, mM Trolox/g of juice.
Total vitamin C was determined by titration with 2,6dichloroindophenol according to the procedure described by Strohecker and Henning. 17 The results were expressed as mg/100 g of juice. Total phenols were measured using a modified Folin-Ciocalteu method as described by Obanda et al. 18 The absorbance was measured at 700 nm and results are expressed as mg gallic acid equivalent (GAE)/100 g of juice.
Total anthocyanins and yellow flavonoids were determined as described by Francis. 19 The absorbance was measured at 535 and at 374 nm for total anthocyanin and for yellow flavonoid content using absorption coefficients of 98.2 and 76.6, respectively. The results were expressed as mg/100 g of juice.
Animals
Male Swiss mice weighing 25-30 g were individually housed in clean polyethylene cages under standard experimental conditions of humidity (40-45%), temperature (23-25 C), light/dark cycle (12 h), and fed on normal pellet diet and water ad libitum. All animal experiments were carried out in accordance with the guidelines for the ethical use of experimental animals published by the Brazilian National Council for the Control of Animal Experimentation. Moreover, the present research was approved by the Institutional Animal Care Committee at Federal University of Ceará under the protocol number 85/09 (CEPA/UFC).
Anti-inflammatory activity in ear edema model
The anti-inflammatory effect was evaluated by using xylene-induced ear edema model in mice according to Akindele and Adeyemi 20 with some modifications. The animals were randomly allocated in four groups (n ¼ 8 per group). Two groups were pretreated by gavage with 0.2 mL of ripe cashew apple juice (RCAJ) and unripe cashew apple juice (UNCAJ), respectively, for 30 consecutive days before the ear edema induced by xylene. A control group was performed with 0.2 mL of water in the same referred conditions while the fourth one was used as a reference standard group, which received dexamethasone doses (DEXA, 5 mg/kg) during three consecutive days prior to the edema induction. The basal ear thickness was measured before the induction of the edema with xylene, as a control. Xylene was applied topically in the inner (25 mL) and outer (25 mL) surfaces of the ear to induce acute edema in all groups. Edema was measured with a micrometer (Mitutoyo Serie 293), 1 h after the xylene application and expressed as the increase in ear thickness due to the inflammatory challenge. The micrometer was applied near the tip of the ear just distal to the cartilaginous ridges and the thickness was recorded in mm. 21 
Wound healing activity
Mice were randomly divided into four groups of 10 animals each group. Two groups were pretreated daily by gavage with 0.2 mL of RCAJ, and UNCAJ during 14 days. A control group received 0.2 mL of water by gavage, while a reference group was used as a positive control (REF group), which received a nutritional supplement (Decubital Õ , Nuteral). Both of them were in the same conditions as referred earlier. 22 After this time period (14 days), a single wound was made by excising the skin with a 1 cm 2 surgical mold on the dorsal region of each mouse (day 0). Mice were anesthetized by subcutaneous injections with 10% ketamine chlorhydrate (115 mg/kg) and 2% xilazine chlorhydrate (10 mg/ kg) before their surgical procedure. 23 Their dorsal surface was shaved with a sterile blade 24 and disinfected with povidone-iodine. All groups carried on their respective treatments (RCAJ, UNCAJ, water, and nutritional supplement) for 21 consecutive days starting from day 0. The wounds were left undressed to the open environment and observed daily until the end of the experiment.
Planimetry
Planimetry was performed on days 0, 3, 7, and 14 on anesthetized animals (n ¼ 6) according to De Oliveira et al. 25 The anesthesia protocol used to make the wounds is the same above described. Contractions, which contribute for wound closure, were studied by tracing the raw wound. The wound area on each evaluation day was obtained by tracing the perimeter of the wound onto a sterile piece of clear acetate film with a special marking pen. The wound and one piece of millimeter paper with known area (1 cm 2 ) were digitalized using a scanner. The measuring area was obtained comparing the amount of pixels inside perimeter and inside the known area using the mathematic expression: Wa ¼ (KaÂNw)/Nk, where Wa ¼wound area, Ka ¼ known area, Nw ¼ number of pixels inside wound area, and Nk ¼ number of pixels inside known area. Thus, the unhealed wound area and the percentage of wound contraction were calculated and used for statistical analysis.
Histological evaluation
Skin specimens from wounds of each mouse (n ¼ 4) were collected on days 3, 7, 14, and 21 according to De Oliveira et al. 25 The specimens were fixed in 10% neutral buffered formalin, processed and embedded in paraffin. Five-micrometer sections were cut and stained with hematoxylin-eosin. In every skin section, an area just beneath the epidermis or crust formation was randomly selected. At each time, the re-epithelialization of the tissues was qualitatively assessed under the light microscope at a magnification of 100 to 400 Â. Re-epithelialization and ulceration of the tissues were scored as present (þ) or absent (-). A histological evaluation focused in on the edema, mononuclear (MNC) and polymorphonuclear (PMN) cells, fibroblast proliferation (FP), and neovascularization in dermis were scored as absent (-), mild (þ), moderate (þþ), and severe (þþþ) for epidermal or dermal re-modeling. 26 The same investigator blindly evaluated all histological sections according to the histological scoring system ( Table 1) .
Statistical analysis
To evaluate significant differences between the means of different groups, the results of anti-inflammatory activity were analyzed by the non-parametric Mann-Whitney U test. Healing activity results were analyzed by one-way analysis of variance followed by Tukey's test. All analyses were performed using the program Graph-Pad PRISM 4.0. and were considered as significant at p < 0.05. The results were expressed in mean AE standard error mean.
Results
The antioxidant potential of cashew apple juice Phytochemical composition and total antioxidant activity of RCAJ and UNCAJ are summarized in Table 2 . The total antioxidant capacity of RCAJ (85 AE 7 mM Trolox/g of juice) is twofold greater than UNCAJ (45 AE 4 mM Trolox/g of juice). The phytochemical screening for specific non-enzymatic antioxidants showed that RCAJ had significant higher levels of total phenolics (38.3 mg GAE/100 g of juice), anthocyanins (2.05 mg/100 g of juice), yellow flavonoids (3.92 mg/100 g of juice), total vitamin C (86.22 mg/100 g of juice), except for carotenoids (0.39 mg/100 g of juice) and for tannins, 0.42, 0.34, 0.37 mg/100 g of juice to dimers, oligomers, and polymers, respectively.
Anti-inflammatory effect of cashew apple juice on ear edema
The results of the anti-inflammatory activity of cashew apple juice in xylene-induced ear edema are presented in Table 3 . The anti-inflammatory potential found for groups treated with RCAJ and UNCAJ was compared to the negative (animals treated with water) and positive controls (animals treated with DEXA). The group treated with UNCAJ presented a higher edema inhibition rate (66.5%) when compared to the group treated with RCAJ (10%) with p < 0.05. UNCAJ and DEXA treatments attenuated ear edema to a similar extent, i.e. 66.5 and 75%, respectively.
Effect of cashew apple juice on wound healing Figure 1 shows macroscopic analysis of the progress of wound on mice dorsal surface carried out 21 days after the wound excision (a) and the unhealed wound area (mm 2 ) at 0, 3, 7, 14, and 21 days (b) as in Figure 1(a) . In the wound-healing model (Figure 1(a) ), all analyzed groups showed clean and exudate-free wound margins. Particularly, UNCAJ and REF groups showed apparently less swollen and hyperemic wounds excision, as well as a thinner granulation tissue compared to water and RCAJ groups (Figure 1(a) ). The healing process of all the groups followed a normal evolution showing the unhealed wound area diminished throughout 21 days (Figure 1(b) ). In day 0, all groups presented average value of the wound areas (100 mm 2 ). Already, on the third day, all groups presented granulation tissue formation, which was easily noticeable at wound edges. The unhealed wound area did not show any significant difference among water, REF, and UNCAJ groups. However, RCAJ group showed a higher wound area when compared to the other groups (p < 0.05). The unhealed wound area profile, on the seventh day, was similar to third day, excepting that RCAJ which was comparable to water group. On the 14th day the UNCAJ was similar to the REF group and revealed smaller unhealed wound areas when compared to water and RCAJ groups (p < 0.05). This result could be expressed as wound contraction corresponding to 85 and 86% for the REF and UNCAJ groups, respectively. At the end of the experiment (21st day), the 
Histological evaluation of wound healing process
Histological evaluation of wound healing process at 0, 3, 7, 14, and 21 days for all tested groups is shown in On the seventh day, the differences in edema formation and the reepithelialization were even more pronounced between RCAJ and UNCAJ groups. However, on the 14th day, all groups presented re-epithelialization and 21 days after the wound excision, no apparent differences were found for the evaluated parameters (Table 4 ). On the 14th day, the histological analysis of the wound tissues of all tested groups ( Figure 2) shows (arrows) the re-epithelized epidermis with keratin, new capillary vessels formation, and the reorganization of collagen fibers.
Discussion
This study is the first demonstration of the potential of RCAJ and UNCAJ as anti-inflammatory treatments to promote wound healing. Their antioxidant profiles are characterized.
The protective effect of cashew apple against free radicals has been attributed to the presence of phytochemicals with antioxidant properties. 27 Total phenolics and vitamin C are bioactive compounds that directly contribute to the total antioxidant activity of such fruit 28 and therefore, the significant differences in the antioxidant composition observed between UNCAJ and RCAJ may be related to ripening metabolism. 29 Similar data were observed by De Figueiredo et al. 30 during the development and maturation of cashew apple.
The phytochemical evaluation of RCAJ showed greater levels (1.5-fold) of all constituents when compared to UNCAJ (Table 2) , as the total antioxidant activity which was two times higher. Those results indicate that RCAJ has a higher free-radical scavenging activity supported by its greater total antioxidant capacity due to the antioxidants level.
Several compounds present in plants have demonstrated an anti-inflammatory potential as, for example, phenolics as tannins and flavonoids. 31, 32 Flavonoids also have the ability to act on the immune system and represent a promising therapeutic alternative to treatment of inflammatory processes. 33 Nutritional deficiency is also related to immune system depletion, which may result in delays in wound healing due to a decrease in quality of tissue reparation Water
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Water and the synthesis of new tissues. 34 Wound healing is a complex process involving vascular, cellular, and biochemical events that are obviously dependent on the nutritional substrates available 35 ; for instance, the antioxidant vitamin C is directly related to collagen synthesis. 36 In spite of UNCAJ lower antioxidant capacity, it presented an anti-inflammatory activity in xylene-induced ear edema in mice similar to DEXA group (Table 3) , an anti-inflammatory drug used as reference. This result is unexpected as the anti-inflammatory potential is usually related to flavonoid levels; hence it was not the case for RCAJ, which presented greater antioxidants and negligible anti-inflammatory activity. Inflammation is a good protective response and is associated with the first line of defense. It has been proposed that the release of ROS at the site of injury could play a role in modulating the inflammatory response. 37 In the last years, the role of antioxidants as protective substances is always correlated with optimal health conditions; nevertheless, the curative power of antioxidants is sometimes overestimated. It is well known that a satisfactory balance between endogenous and exogenous antioxidant capacity is essential to optimal responses. 38 In this context, and as described earlier, the higher antioxidant capacity presented by RCAJ did not promote a better antiinflammatory response. It suggests that pretreatment with RCAJ for 30 consecutive days increased the antioxidants level leading to a redox ''imbalance'' turning down the inflammatory response modulation exerted by ROS. Considering that an abundant supply of antioxidants could abolish the signalization of ROS in the inflammation site, the ROS scavenging activity of the unbalanced antioxidants supply could ultimately delay the healing process. [39] [40] [41] Indeed, it is reported that large amounts of antioxidant supplement consumption may be harmful to health as some vitamins and phenolic phytochemicals with particular structures under certain conditions exhibit prooxidant activity, revealing a potential toxicity. [42] [43] [44] The wound healing process that includes the inflammation, tissue formation, and tissue remodeling phases is the result of well-orchestrated cellular and biochemical responses. 36 In the present study, macroscopic results showed that animals treated with UNCAJ presented a better wound healing process (Figure 1 ). Those results were later validated by the histological analysis ( Table 4 ), suggesting that some other and not analyzed compound, present only in UNCAJ, would modulate the responses of cells involved in initial phases of the inflammatory process accelerating the repair and therefore, the healing stages (Figure 1 ). Despite the presence of such hypothesized compound in UNCAJ, the lower antioxidant capacity of UNCAJ alone could promote an optimal balance between ROS and antioxidants inducing a better wound healing process (Figure 1 ).
ROS may act as cellular messengers to stimulate key processes associated with wound healing, including cell motility, FP, and angiogenesis. 45 An overall approach concerning histological evaluation of wound healing process in the present study showed an identical FP in UNCAJ and REF groups (Table 4 ). That suggests that the presence of PMN and MNC cells in early inflammatory phase in animals treated with UNCAJ led to a better fibroblast activation, thus accelerating the wound healing process. Furthermore, PMN and MNC may also exert an important role in the healing process via cytokines signalization leading to re-epithelialization, angiogenesis, and remodeling and contributing to scar formation. 46 PMN cells migration to the lesion site leads to ROS production to fight invading microorganisms. Furthermore, to maintain a controlled ROS tissue concentration, an intricate cellular signalization is required to avoid oxidative stress and further damage. 47, 48 Furthermore, the nutritional supplementation with UNCAJ led to a better antioxidant balance favoring the healing process without interfering in the signalization process exerted by ROS. 48 Even if all tested groups were re-epithelialized within 14 days after the surgery, it should be underlined that UNCAJ was more sensitive to eosin stain, which indicates a better reorganization of collagen fibers, similar to REF ( Figure 2 ). Moreover, it must be emphasized that already after seven days, only UNCAJ and REF groups presented re-epithelialization, and no edema was verified. Studies demonstrated that the administration of antioxidants like vitamins C and E and anthocyanins to mice with skin wounds led to better healing, increased angiogenesis, and fibroblasts and keratinocytes induction 48, 49 It must also be highlighted the role of other phenolic compounds, such as tannins, which may have a wound healing activity through a complex regulation involving angiogenesis and FP. 12,50, 
Conclusions
In summary, the UNCAJ showed better anti-inflammatory and wound healing activities probably through a synergistic effect of its phytochemical components by improving the immunological defense mechanisms and poising the ROS scavenging/signalization. Authors' contributions: MSV, NFGR, MLMO, and ART carried out the lab work, generation, collection, assembly, interpretation of data, and drafted the manuscript. FYMS, FGMP, and CFHM were involved in the analysis of data and manuscript. DCSNP, MRAM, EFM, and DFM participated in the conception and design of the study, data analyses, and manuscript. All authors read and approved the final manuscript.
